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Menam 8/2: Vibrations (contd) 


* Place Origin at neutral position 
I Displace mass a Small ave distance X 
|o Release the macs 


SF = —kx = mx 
t Solution is of the form: 


u(t) =| CG sun Cw + d) =\R/m 


These /eprererd one-dumensionad translational vibrations: 


How abouk rotational vibrations 2 
a 
i Rotational. Q 


ZE hy = nanmi zM,--les-L«-I8 
X + owX-0 6 + «X 8 -0 
K+ why - 0, uU = km 8 + wie -o, w =K, 


xt) = bx) = Anplitude «silo E). sinl T +4) @ (1) = Amplitude « sin(w, t +4) 


34) 


Ea. Bar pendulum. 


iv: length L 


mass m 


Small oscillation emplitude . | 
I Define =o as neutral position of pendulum. 
2] Define ve. direction for rotation ) 
S| Give pendulum a small sve deflection 6, 1 release 
L 
4/ SM, = EE sino) 2 I4 


Pondilum hasa (i ted axis M sup. ce | 


x 
u EE + EA ag 
3 
uy (3) + ete =0 


" ~ d 
8| 8 + UW, 6 =o , where | Wy = aan ; T= ih 


j| ot) = Amplitude - sin (w +d) 


34) 


Gwen: wheel radius R= 0.bm , no slip B k T 
radius dj gyration k = 0.4m 
wheel mass m = 22k 
Sprina, sk {fness i, = 1200 Nm 
wheel isin equilibrium ak position shown 


i EBD, axes , selection oori T 


ibi 
2] Roll wheel a small sve o, € release 


A 
"S Friction 


i 
3| spriva, (s stretched by Roe 


4 Spring forte is zkek, 


J — zM.-l« LA, 
— (zRek,)(2R) = (mk*+ mR’) 6 
— (2)*(0-6)” (1200) @ =[(22)Lo4)” + (a2)0.6)"] 6 =0 
—17280 = I-44 6 
9 + 5190 =0 o> 6 + we -0 
= Wp = Nisi = 12:3 radions |s = 1-96 Hz. 


> e(1) = Cg sin(12:3f +¢) 


34(d) 


I Real vibrations Lose enenay dhrough various mechanisms 2-4 
Frichion 
wind resistance 
heat aenenation vie Spring, deformotion 
ekc. 


' We can adopt an apprmpimale model for a specific 
enny Joss mechanism. 


© We will model enengy how due to viscous lani. 


Ca. the vikration occus in a viscous Suud, or 
thene is cyclic plastic def malion- 


We introduce. the “damper” or "dashpat "which exeals 


a Lorce proportional bo velocity, in opposite Acnection . 
Symbol. Cs = Em ) 


1 Note the dampen has no effect uf tne mass is 
not moving. 


1 The arrengement P strenalh of springs determines 
location of neutral point (nt the Lampens ) 


34(e) 


viscous fluid must leak 
past edges of piston as it y 
is snsented or snetracted 


= viscous a force. 
1 propar-iond o velocity 
‘in opposite direction to MS 


problem solution B 


" Set origin at neutral point (dampen has no effect) 
Select positive direction 


pi Dispdace mass a small tw distance x, and aive ita 
Small te. velocity x. Release ihe mass. 


3/ Z R--ho-cxk- mx 


yj Put egn in standard form: 


- EE h 2 
X +m X + mx-o , where wp = k/m 


Solution in Next Locis! 


34 (f) 


-Summary - 
Basic Linear Vibrations 


Translational Rotational 
ZF = Rx = may=mš zM,--he-l«-1,$ 
X + om X=0 6 + 7, 8 =0 
K+ wX =0, w= We 6 + wie =o, w= KA, 


Xt) = Amplitude sinw tg) at) = Amplitude» sin(w,F +4) 


: Rotating Vibration examples! pendulum, rolling wheel 


Introduchon ło viscous damping, 


Next Lecture 


1 Damped Vibrations (Meniam 8a) 


